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CORN FERMENTATION BY-PRODUCTS--PROPERTIES AND USES 
Stanley J. Henning 
Assistant Professor of Agronomy 
Iowa State University 
Fermentation is broadly define as an enzymatically controlled transformation of an organic 
compound. In breweries and wineries, energy-rich compounds such as sugars and other 
carbohydrates are broken down through enzymatically controlled anaerobic processes to carbon 
dioxide and alcohol. Often overlooked are other potentially important fermentation products 
such as organic acids. Corn is an important source of energy-rich carbohydrates and 
consequently can be considered to be an important feed-stock for the fermentation industry. In 
the midwest, corn is probably one of the most efficient crops that converts the sun's energy to a 
carbohydrate product easily transported and processed into its constituent components; its 
importance to fermentation is assured. 
Unlike alcohol, more complicated fermentation products such as amino acids must be 
separated from the fermentation mixture of enzyme producing microorganisms, reactants and 
other products. This results in great quantities of by-product that must be handled and disposed 
of properly. In this section, I am going to discuss a fermentation by-product that has been 
studied at Iowa State University in the past few years. It is the by-product of lysine manufacture. 
Lysine (C6H14N20 2) is an amino acid essential to animal nutrition. Ruminants produce 
lysine in their rumen through fermentation; non-ruminants do not and must consume lysine with 
the food they eat (often ruminants). Soybean oil meal is a good source of lysine having a lysine 
content of about 3%. But 167 pounds of soybean oilmeal must be included in each ton of feed to 
provide 5 pounds of this essential amino acid. 
After fermentation and lysine separation, the by-product can be broken down into the 
following constituents: 
Total solids 
Total nitrogen 
Ammonium-nitrogen 
Organic-nitrogen 
Sulfate-sulfur 
Chlorine 
Potassium 
Phosphate 
40-45% 
6-7% 
4-6% 
112-1% 
3.5-4% 
2% 
0.4% 
0.3% 
Specific gravity ranges from 1.2-1.3 times that of water. The byproduct is acid with a pH of 
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about 5. The majority of the solids in the by-product are the organic residues of the 
microorganisms used in the fermentation process and about 20% of the nitrogen is associated 
with it. Approximately 40 thousand toris per year of this material are produced at one 
fermentation facility. The contents of arsenic, lead and mercury were below the detection limits 
of the atomic absorption spectrophotometer. For comparison, liquid manures contain about 
1/lOth the nitrogen found in the by-product. If the by-product were applied to land using a 
nitrogen equivalent of 100 lbs of N per acre, 48,000 acres of land would received it every year. 
The by-product has been tested in greenhouse experiments and field experiments at the 
Southeast Iowa Research Farm located between Washington and Mt. Pleasant. The results of 
the greenhouse experiment are reported in Tables 1 and 2. 
Two soils were used in the greenhouse, a silty, slightly acid soil with low organic matter 
(Seaton) and a calcareous sand also low in organic matter (Buckney). All fertilizer materials (by-
product, urea and ammonium nitrate) were applied on a nitrogen equivalent basis and the by-
product was combined with the other materials. A check without nitrogen fertilizer was included 
in the experiment too. Sudangrass dry matter yield and nitrogen content and uptake were 
increased by the addition of the fertilizer and by-product materials. The by-product and urea 
were nearly equal in promoting plant growth but ammonium nitrate was a superior nitrogen 
fertilizer. 
The fmdings in the 1990 field experiment are reported in Table 3 and demonstrated that the 
by-product is at least equal to commercial nitrogen fertilizer. The crop parameters measured 
were equal regardless of nitrogen source. Soil sulfur contents were increased with the by-product 
because it contains nearly 4% sulfur as sulfate. The by-product did increase soil acidity by 
decreasing soil pH. This, however could be expected as the by-product contains no nitrate and 
consequently the nitrification of its ammonium and organic nitrogen would be acid producing. 
The UAN, on the other hand, contains a significant amount of nitrate and hence that would not 
result in any acid production. The presence of sulfate would enhance hydrogen ion activity, but 
in itself is not an acid producing substance. Soil nitrate contents were also measured and were 
nearly equal for equivalent N-application rates throughout the growing season. This research 
data showed that the by-product provides needed plant nutrients (N and S) and was at least 
equal to UAN as an N source for corn. 
In 1991, the field experiment was redesigned and even greater rates of nitrogen were applied 
from the UAN and by-product sources. Unfortunately, the Research Farm experienced moisture 
deficiency throughout the early growing season and yields were so much reduced that no 
measurable response to either nitrogen source could be demonstrated (see Table 4). 
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Summary 
The future of the fermentation industry is assured in Iowa where it uses corn or corn 
derivatives as an energy source. The nature of the fermentation industry to use "batch" 
techniques will result in the generation of large quantities of by-product. The by-products will be 
rich in organic matter and nutrients essential to microorganism growth and development. These 
by-products will require higher than normal application of volume than liquid fertilizer to apply 
equivalent nutrients. Wherever the compatibility of by-product can be positively demonstrated 
with other fertilizer materials, it may prove to be an excellent carrier for additional plant 
nutrients. 
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Table 1. Sudangrass response to corn fermentation by-product 
combined with ammonium nitrate or urea in Seaton soil 
Nitrogen source Harvest number 
Urea Ammonium By- 1 2 3 4 
nitrate product 
ppm N applied Dry matter yield, g / pot Total 
0 100 0.87 0 . 94 0.94 0.83 3.58 
25 75 0.75 0.74 0.74 1. 02 3.25 
50 50 0.78 0.77 0.77 0.84 3.17 
75 25 0.59 0.67 0.67 0.95 2.87 
100 0 0.72 0.71 0.71 1. 45 3.59 
0 100 0.83 0.89 0.89 0.91 3.52 
25 75 0.81 0.89 0.89 1. 26 3.85 
50 50 0.83 1. 00 1. 00 1. 39 4.21 
75 25 0.89 0.96 0.96 1. 60 4 .40 
100 0 0.86 0.68 0.68 2.11 4 .32 
0 0 0 0 . 69 0.50 0.54 0.24 1. 96 
Nitrogen content, ~ 0 N Ave 
0 100 2.90 1. 94 1.10 0.78 1. 51 
25 75 2.67 2.41 1. 67 1. 07 1. 53 
50 50 3.16 2.16 1. 23 1. 00 1. 48 
75 25 3.09 2.60 1. 90 1. 01 1. 44 
100 0 3.25 2.29 1. 43 0.92 1. 58 
0 100 3.11 2.08 1. 32 0.89 1. 60 
25 75 3.12 2.69 1. 66 0.79 1. 85 
50 50 3.51 2.73 1. 99 1. 02 2.25 
75 25 3.47 2.72 2.36 1. 21 2.47 
100 0 3.52 2.69 2.49 1. 73 2.54 
0 0 0 1. 39 1.12 0.81 0.40 0.93 
Nitrogen uptake, mg N/ pot Total 
0 100 25.3 18.1 10.3 6.4 60.2 
25 75 19.8 17.7 12.1 11.4 61.0 
50 50 24.5 16.5 9.5 8.5 59.0 
75 25 18.3 17.2 11.7 9.5 56.7 
100 0 23.5 16.3 10.2 12.9 62.9 
0 100 25.6 18.6 11.7 8.0 63.9 
25 75 25.4 23.8 14.7 9.9 73.8 
50 50 28.8 26.9 19.4 14.0 89.1 
75 25 30.6 26.1 22.7 18.8 98.2 
100 0 30.1 18.3 16.7 32.1 97.2 
0 0 0 9.5 5.6 4.4 1.0 20.5 
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Table 2. Sudangrass response to corn fermentation by -product 
combined with ammonium nitrate or urea 1n Buckney soi l 
Nitrogen source Harvest number 
Urea ammonium by- 1 2 3 4 
nitrate product 
ppm N applied Dry matter yield, g / pot Total 
0 100 1. 07 0.91 0.57 0.42 2.97 
25 75 0.93 0.75 0.53 0.54 2.76 
50 50 1. 05 0.72 0.55 0.35 2.68 
75 25 1. 03 0.73 0.51 0.40 2.67 
100 0 0.76 0.78 0.73 0.69 2.96 
0 100 1.14 0.85 0.53 0.54 3.06 
25 75 1. 04 0.89 0.71 0.74 3.38 
50 50 1. 02 1. 06 0.86 1. 24 4.18 
75 25 1. 03 1.18 0.92 1. 58 4.70 
100 0 0.97 1.14 0.64 2.74 5.48 
0 0 0 0.66 0.33 0.35 0.45 1. 80 
Nitrogen content, ~ 0 N Ave 
0 100 2.63 1.19 1.10 0.78 1. 21 
25 75 2.73 1. 46 1.15 0.92 1.19 
50 50 2.31 1. 34 1. 04 0.82 1. 07 
75 25 2.55 1. 60 1. 04 0.79 1.16 
100 0 2.79 1. 48 1.13 0.74 1.15 
0 100 2.55 1. 67 1. 05 0.91 1. 34 
25 75 2.92 1. 93 1. 30 0.91 1. 58 
50 50 2.98 2.38 1. 54 0.85 1. 99 
75 25 3.02 2.23 1. 70 0 . 85 2.15 
100 0 3.09 2.30 2.05 1. 04 2.44 
0 0 0 1. 42 1.15 0.93 0. 4 7 0.99 
Nitrogen uptake, mg N/ pot Total 
0 100 27.5 10.8 6.2 3.2 47.7 
25 75 25.5 10.8 6.1 4 .8 47.2 
50 50 24.3 9.2 5 . 7 2.8 42.1 
75 25 25.9 11.3 5 . 3 3.3 45.7 
100 0 21.0 11.3 8.3 5.2 45.8 
0 100 28.7 14.8 5.5 4 .9 5 3 .8 
25 75 29.7 16.4 9.0 6 .6 61.8 
50 50 30.2 24.4 12.9 10.5 78.0 
75 25 30.3 25.6 15.5 13.8 85.2 
100 0 29.8 26.1 12.5 28.1 96.5 
0 0 0 9.4 3.8 3 . 3 2.1 18. 6 
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Table 3. Corn and soil response to nitrogen fertlizer and by-product at the 
Southeast Iowa Research Farm in 1990 
N aQQlied Grain Leaf comQOSition 
1989 1990 Moisture Yield Nitrogen Phosphorus Potassium 
lbs Njacre -- % -- bushlesjacre -- % --
UAN By-P UAN By-P UAN By-P UAN By-P UAN By-P 
0 0 18.8 19.0 105.4 110.8 2.5 2.4 0.23 0.30 1.6 1.8 
50 0 18.7 19.4 113.9 113.9 2.1 2.3 0.21 0.21 1.5 1.7 
100 0 19.1 19.0 125.0 117.7 2.4 2.4 0.24 0.25 1.5 1.7 
150 0 19.0 19.1 120.7 125.1 2.2 2.5 0.22 0.22 1.4 1.6 
200 0 18.9 18.7 135.1 149.3 2.6 2.7 0.26 0.27 1.3 1.7 
0 100 18.0 19.5 149.6 143.9 2.9 3.1 0.27 0.30 1.7 2.0 
50 100 18.6 19.3 152.0 144.3 2.9 3. 1 0.24 0.29 1.7 1.7 
100 100 18.2 19.5 143.6 145.7 2.8 3.1 0.25 0.30 1.6 1.7 
150 100 17.9 19.0 153.9 153.5 3.1 2.9 0.29 0.30 1.4 1.7 
__ 200 100 17.8 19.0 144.7 156.2 3.0 3. 1 0.24 0.34 1.4 2.1 
,_. 
Vl N aQQlied Stalk Soil Soil Soil nitrate contents N 
1989 1990 nitrate sulfur pH Spring Summer 
lbs Njacre ppm N ppm S -- ppm N 
UAN By-P UAN By-P UAN By-P UAN By-P UAN By-P 
0 0 142 117 21.7 22.6 5.7 5.6 9.0 9.4 1.8 2.7 
50 0 111 103 21.6 22.6 5.8 5.7 8.5 8.3 2.2 1.6 
100 0 145 460 21.8 25.8 5.8 5.7 11.0 10.2 2.3 1.6 
150 0 130 93 21.3 23.6 5.8 5.7 9.2 10.1 1.7 2.0 
200 0 311 686 21.1 27.5 5.8 5.5 10.5 10.6 1.8 3.4 
0 100 466 442 19.8 27.6 5.7 5.5 9.0 9.4 5.5 4.0 
50 100 420 907 20.5 26.7 5.8 5.5 8.5 8.3 5.0 4.5 
100 100 1181 962 20.5 28.0 5.7 5.7 11.0 10.2 6.6 6.6 
150 100 886 1101 20.6 28.6 5.7 5.5 9.2 10.1 5.9 5.1 
200 100 1762 1842 21.2 28.1 5.7 5.5 10.5 10.6 7.7 4.7 
Table 4. Corn response to nitrogen fertilizer and 
by-product athe the Southeast Iowa Research Farm in 1991 
N applied Grain moisture Grain yield 
UAN By-P UAN By-P 
0 19.1 19.2 78.9 79.6 
50 19.2 19.1 80.7 88.6 
100 18.9 19.6 81.2 78.7 
150 19.2 19.1 86.8 68.6 
200 19.3 19.2 86.2 77.1 
250 19.0 19.4 79.6 72.1 
300 19.2 19.2 80.8 68.6 
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